When two lobes of the liver of the adult rat are removed, the cells of the remaining lobe are aroused to renewed cell division. We have studied the early events in such regeneration. The first observable response to such partial hepatectomy is the production in the liver nuclei of rapidly-labeled high-molecular-weight RNA of sequences not produced by normal liver. This is followed, with a lag of about 1 hr, by the appearance of increased (above normal) amounts of chromosomal RNA, again of sequences not produced by normal liver. With a lag of another hour, the template activity in support of RNA synthesis of the liver chromatin increases substantially. These events occur before initiation of DNA synthesis in the cells of thAe regenerating liver.
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Chromosomal RNA (eRNA) is a small nuclear RNA that comprises a significant fraction of the total nuclear RNA in all higher eukaryotes investigated (1) (2) (3) . It hybridizes to the repetitive DNA sequences (4, 5) and is distinguished by a high content of dihydropyrimidine (6) . Several experiments have suggested that cRNA is involved in the processes of gene activation (7, 3) . In addition, it has recently been shown that cRNA and high-molecular-weight rapidly-labeled nuclear RNA (Hn RNA) share a large proportion of their nucleotide sequences, a result that strongly suggests a precursor-product relationship between them (5) . To shed further light on these matters, we have investigated the temporal relationships between Hn RNA, cRNA, and template activity in regenerating rat liver.
MATERIALS AND METHODS
Regenerating Livers. The livers of 200-400 g male, albino Sprague-Dawley rats were caused to regenerate by surgically removing their two largest lobes (9) . All operations were performed on rats anesthetized with ether, and timed so that the regenerating livers were harvested between 6 p.m. and 10 p.m. to minimize circadian effects. The rats were decapitated and their livers were quickly frozen in liquid nitrogen.
Chromatin. 20-40 g of frozen livers in saline-EDTA buffer (75 mM NaCl-24 mM EDTA, pH 8) were homogenized in a Waring blendor (85 V for 10 NaCl. DEAE-Sephadex, which had first been equilibrated with 7 M urea-0.2 M NaCl, was then stirred in and a 0.9 X 20-cm column was poured with the slurry. When the column was formed and all the liquid had passed through, the cRNA was eluted with a gradient from 0.2 to 1.0 M NaCl in 7 M urea. As with the previous method, the cRNA elutes in a homogeneous peak at 0.55 M NaCl. The RNA was routinely eluted a second time from DEAE-Sephadex to remove residual impurities. All cRNA prepared by this method that was to be used for RNA-DNA hybridization on filters was then treated with Pronase, extracted with phenol, and precipitated with ethanol. If the RNA was not treated with Pronase, it bound nonspecifically to the nitrocellulose filters during the hybridization reaction, presumably because of the small amount of protein associated with it (3). avoid confusion with Cot, which cannot be properly used for RNA-DNA reactions.
RESULTS

Template activity
The ability of isolated chromatin (as compared to deproteiniized DNA) to act as a template for E. coli RNA polymerase has been used for several years as a measure of the amount of the genome that is active in vivo (6) . It has been well established that the genes transcribed in vitro are the same as those transcribed in the living tissue (7, (16) (17) (18) (Table 1) .
We have measured the template activity of chromatin from various stages of regenerating rat liver, and a sample of the data is presented in Fig. 1 . The maximum reaction velocity, Vm, at each time after hepatectomy was calculated from a double-reciprocal plot of each set of data, as shown in the inset. In Fig. 2 and subsequent cell division, which begins 18 hr after the operation.
cRNA hybridization data Hybridization-saturation curves for cRNA isolated from regenerating rat livers at various times after hepatectomy are shown in Fig. 3 . When RNA is in great excess, as in this case, the hybridization reaction is expected to follow firstorder reaction kinetics. The curves drawn through the data were produced by a simple computer program that fits a first-order saturation curve to each set of experimental data. Table 2 gives the hybridization-saturation values calculated from this fit. The validity of this procedure rests on the assumption that the RNA sequences are all present in about the same concentration. Since this is undoubtedly not strictly true, these saturation values should be taken as minimum values. Rare RNA sequences will hybridize to saturation only at higher Rot values. It is clear, however, that the amount of information present in cRNA increase dramatically during the regeneration processes. A similar result was found by Church and McCarthy (19) for rapidly-labeled nuclear RNA, which we now believe to be the precursor of chromosomal RNA (5).
In Fig. 4 , the three sets of data are combined. The early sequence of events in the regeneration process are clear from M1tosis-Proc. Nat. Acad. Sci. USA 69 (1972) the data of Fig. 4 . The first new event (that we recognize so far) is the production of many new sequences of rapidlylabeled nuclear RNA. This rapidly-labeled RNA quickly breaks down and is followed by the appearance of a large number of new sequences in cRNA molecules. These are followed, in turn, by the activation of many new genes. A representation of some of the major events in the first 24 hr of liver regeneration is shown in Fig. 5 .
DISCUSSION
The regenerating liver is nearly ideal for the study of gene control. Regeneration is initiated by a well-defined stimulus, and many new genes are reproducibly activated within a few hours after hepatectomy. Since earlier evidence suggested that cRNA is involved in gene activation (7, 3) , our first objective was to see if new cRNA sequences were produced in regenerating liver. The data of Fig. 3 show clearly that a large increase in such sequences does occur. This does not, of course, prove our hypothesis, but it does support our view that cRNA may be a gene activator.
One of the most striking aspects of the data presented here is that the sequence of events is exactly that predicted by the Britten-Davidson model of gene control (20) . The central element of this model is a class of small RNA molecules responsible for activating genes. According to the model, in response to an outside stimulus, long tapes of activator RNA molecules are produced and specifically cleaved into functional activator RNA molecules, which then turn on the appropriate genes. Chromosomal RNA and rapidly-labeled nuclear RNA fit the requirements of activator RNA and its precursor. It is known that high-molecular-weight rapidly-labeled nuclear RNA and cRNA have a large fraction of their sequences in common (5), a finding that is difficult to explain unless rapidly-labeled nuclear RNA is the precursor of cRNA. Finally, the model requires that activator RNA hybridize to the repetitive fraction of the genome. Both RNAs are known to hybridize to the portion of the genome that contains repetitive DNA sequences. Thus, both RNAs hybridize to saturation at low Rot (RNA concentration X time) values characteristic of repetitive-sequence hybridization.
In conclusion, it is clear that the data presented here 
